Summary To determine whether new national guidance on the specifications of a fracture liaison service are realistically deliverable, 1 year of data on the performance of such a service were audited. Audit targets were mostly met. This audit demonstrates that these standards are deliverable in a real world setting. Introduction UK service specifications for a fracture liaison service (FLS) have been produced (National Osteoporosis Society, NOS) to promote effective commissioning and delivery of the highest quality care to patients with fragility fractures. How deliverable these standards are has not as yet been methodically reported. Our FLS was modelled on the ten NOS standards; performance was audited after 1 year to determine whether these standards could be delivered and to describe the lessons learnt. Methods Performance was audited against the NOS FLS Service Standards, with management based on the Fracture Risk Assessment Tool (FRAX®), the four-item Falls Risk Assessment Tool (FRAT), National Institute for Health and Care Excellence (NICE) and the National Osteoporosis Guideline Groups (NOGG) guidance. Data were recorded prospectively on a database. The FLS commenced in May 2014, was fully operational in August 2014 and data were captured from 1 September 2014 to 1 September 2015. Results The FLS detected 1773 patients and standards were largely achieved. Most, 94 %, patients were seen within 6 weeks, 533 DXA requests were generated, 804 outpatient FRAT assessments were recorded (134 required falls intervention) and 773 patients had bone treatments started. On followup at 3 months, between 78-79 % were still taking medication. Conclusions Preliminary evaluation of a FLS implemented according to UK NOS standards demonstrates that the model is practical to apply to a large teaching hospital population. Collection and review of outcome and cost effectiveness data is required to determine the performance of this model in comparison with existing models.
Introduction
Fragility fractures are common and costly. Estimated to affect 1 in 2 women and 1 in 5 men over 50 [1] , they cost the UK NHS approximately UK £1.9 billion a year [2] . Associated morbidity and mortality are high including loss of independence [3] . Provision of a fracture liaison service (FLS) reduces re-fracture risk [4] cost effectively, estimated by some to be a risk reduction of at least 30 % [5] [6] [7] with possible additional reductions in mortality [6] . Most outcome data however are based on FLS models incorporating identification of fragility fractures with or without bone health assessment and treatment with no or little provision of falls prevention [5] [6] [7] [8] . A high quality fully integrated FLS is therefore considered the gold standard for fragility fracture identification and management.
International benchmarking exercises and national audit programmes have revealed the wide spectrum of services currently offered despite the attempts of many organisations to produce standards of care [9, 10] . The gold standard model of an FLS has yet to be determined which accounts, in part for the wide variation in provision seen. To address this, the National Osteoporosis Society (NOS) published a set of 10 quality standards in 2015 identifying the cornerstone elements of what an ideal and qualityassured FLS should deliver in principle and in practise [2] . By using a '5IQ' approach (see Table 1 ), the standards aim to guide services towards the most clinically and cost effective model of delivery addressing all aspects of care including falls prevention and follow-up [2] . Demonstration of operational delivery of these standards has not as yet been tested within a service implemented around these 10 quality standards. Data on the resource burden of such a service are also lacking. To be responsible in designing services and to provide commissioners with realistic cost and meaningful key performance indicators (KPIs), an evaluation of a 5IQ FLS model is required.
A FLS model based on the NOS 5IQ approach was evaluated after a year; an audit was performed against the standards below (Table 1) [2] . The hypothesis being tested was that a FLS based on the NOS standards is achievable and practical to run and to provide an estimate of resources required.
Methods University Hospital Birmingham FLS
A FLS was commissioned and established at the University Hospitals Birmingham (UHB) and started to identify secondary fracture prevention outpatients in July and inpatients in August 2014. The FLS was based on the NOS standards (Table 1) with falls assessment only occurring for outpatients, an existing falls service for inpatients was already in place, and with a primary focus on non-vertebral fragility fractures [2] . Systematic identification and management of vertebral fractures at UHB is being addressed as a second phase service development, integrating pre-existing spinal services. However, ad hoc referrals into the FLS for spinal fragility fractures were managed in line with non-vertebral fracture pathways. Those ≥75 years old admitted with a neck of femur fracture were, and continued to be, managed by a pre-existing service; both teams however interact closely and the FLS reviews patients with the orthogeriatric team.
Patients accessing the service are aged ≥50 with an incident fragility fracture. Orthopaedic, general and elderly care inpatients are identified from inpatient and trauma lists reviewed daily. Orthopaedic and A&E outpatients are identified from hospital systems including databases and FLS nurses attend fracture clinics. All new inpatients falls must be reported and are thereby picked up by the FLS. Orange referral cards to the FLS, posters and business cards are left in appropriate departments.
Data are collected prospectively on a Microsoft Office Excel® spreadsheet database (Microsoft ®, Redmond, Washington, USA) held by the FLS team as part of internal service evaluation and audit. Limited information is also collected about all those patients seen by the orthogeriatric service (≥75 years old with neck of femur fracture) to ensure no duplication of effort. Clinical judgement is aided by guidance and risk calculators including standardised tools such as the Fracture Risk Assessment Tool (FRAX®) [11] and the four-item Falls Risk Assessment Tool (FRAT), on outpatients only [12] . Management is based on the National Institute for Health and Care Excellence (NICE) and the National Osteoporosis Guideline Groups (NOGG) guidance [13] [14] [15] [16] [17] . All patients assessed by the FLS found to have a fragility fracture and be appropriate for assessment and treatment are sent a fracture discharge letter which summarises the actions taken and further actions required for all three parties (patient, GP and FLS). Telephone follow-up calls are made to those started on treatment, initially 3, 6 and 12 months, protocol then changed to 4 and 12 months. If no one answers the phone on the third occasion then it is documented as a failure. Patients are also asked to fill in a 14-part questionnaire to assess satisfaction and experience of the service.
Data were analysed from a database gather performed on 23 September 2015 in regards to all fractures occurring from 1 September 2014 to 31 August 2015. Data analysis was performed using Microsoft Office Excel® (Microsoft ®, Redmond, Washington, USA). The radiology department provided the number of patients who did not attend (DNA) from the FLS for a DXA over the audit period. The number of fragility fractures occurring during a period may be estimated by multiplying the number of hip fractures by 5 and this method was applied to give a crude denominator [2] . This denominator however includes vertebral fractures that the phase one FLS was not commissioned to deliver at UHB. An alternative denominator was sought from the Trust's information department who collected the total number of patient aged 50 years and over who presented during the year to the hospital coded as having a fracture, excluding vertebral, including those admitted and those discharged from A&E. This total will include trauma patients and neurosurgical patients transferred for care.
Results
The demographic details of the patient cohort are presented below (Table 2) . Most patients had one fracture (87 % of inpatients, 96 % of outpatients, 99 % of ≥75 year olds); the commonest fracture type was distal radius followed by proximal humerus, femur, tibia and/or fibula, ankle, pelvis, ulnar and radius, clavicle, patella, foot or hand, vertebral, shoulder, ribs and mandible. The FLS reviewed 148 patients with hip fractures and a further 426 were seen by the existing elderly care team. The total number of fragility fractures expected (estimated by multiplying the total number of hip fractures by 5 [2] ) suggests only 62 % of all fragility fractures were identified. The trust saw 3655 patients with a fracture during the same period in total, which suggests the FLS saw 49 % of all those aged 50 and over presenting to the hospital with a fracture. Workload increased steadily with four patients seen per working day in September 2014 to seven by the end of July 2015. Results are summarised and related to NOS standards in Table 1 and detailed more fully in Table 2 . From April 2015, when date of fracture was recorded, 212 inpatients and 425 outpatients were seen. Additional results include that all patients with FRAX® scores calculated also had NOGG risk documented; more of the outpatients (39 %) were low risk compared with inpatients (21 %) with only 22 % of outpatient high risk (35 % of inpatients). The bone density results are demonstrated below (Fig. 1a, b) . According to the radiology department, 527 referrals were made by the FLS for the year, six less than recorded in the database. Extra DXA slots having been made available in March; the DNA rates fell between each quartile of the year.
There were no great differences in the percentage of patients started on specific therapies between inpatients and outpatients however slightly higher proportions of the inpatients were given more than just advice or vitamin D and calcium. In total, 4 patients were started on teriparatide, 41 on IV bisphosphonates and 10 on denosumab. Medications were changed in a large number of patients (Fig. 2a) , mostly introduction of therapy however 14 patients had admission bisphosphonates stopped and 12 had vitamin D and/or calcium supplements stopped.
Initially follow-up was set for 3 months, 6 months then 1 year, until end of June 2015 when FLS protocol changed from 4 to 12 months from 1 July 2015. Very few patients were due for their annual follow-up, 4 and 6 month follow-up therefore data for 3 months follow-up only is presented (Table 2) . Follow-up was unsuccessful in a third of cases due to failure of contact (patient not answering telephone) and the rest have nothing documented. Of those with nothing documented, one third had been seen close to 3 months ago, and another 18 % were noted as lacking capacity to fill in the patient satisfaction questionnaire. Only 79 % of patients followed up at 3 months were taking prescribed bone medications, 53 % were meant to be on bisphosphonates and 93 % on vitamin D. Of the patients in whom follow-up was successful, the reasons why they were not on recommended therapy included the following: new comorbidity, GP altered, stopped or did not prescribe, currently admitted, side effects, patient declined or forgot to go and get a prescription (Fig. 2b) . Standards 8 and 10 (Table 1 ) have been largely addressed by this study as well as recent external review. Patient satisfaction questionnaires were given to 1011 patients (336 lacked capacity), 21 % completed the first question. Most patients (77 %) stated that they were 'extremely likely' to 'recommend our service to friends and family if they needed similar care or treatment' and 18 % were 'likely' to. Reasons included (in descending order): staff approach, satisfied with service and treatment, satisfied with discussion and explanation, satisfied with purpose of intervention and promptly seen. The importance of the staff was highlighted, who were frequently described as 'helpful, caring, polite and kind' and the 'efficient' service and treatment generally with 60 % rating the FLS as 'excellent' (35 % as 'very good').
FLS nurses have attended relevant training including a master class in Glasgow, the annual NOS conference, regional meetings and online courses, such as the FLS competency course, and maintain a portfolio documenting CPD (standard 9, Table 1 ).
Discussion
This is believed to be the first published evaluation of an FLS based upon the NOS 5IQ standards [2] . The hypothesis, that a FLS based on the NOS standards is achievable and practical to run, has been confirmed. Main findings include the large workload that can be expected, 1773 patients/year despite a limited service with only a crude estimated 62 % detection rate for all fragility fractures and 49 % of total fracture work in this age group. Of the total fracture work, many will be inappropriate for FLS review as will include traumatic fractures such as polytrauma to finger injuries. Though a less than 100 % detection rate was expected, particularly as only non-vertebral fractures were sought, and the denominator for the rule of five statistics is only an estimate of uncertain accuracy, there is likely unmet need yet to be addressed. Patients were seen in a timely fashion, 100 % of inpatients and 99 % of outpatients seen within 3 months with 94 % seen within 6 weeks, and patient satisfaction was high. New DXA requests were generated for 177 inpatients and 356 outpatients and 804 outpatient FRAT assessments were recorded. Treatments were started in 303 inpatients and 470 outpatients, including 4 patients on teriparatide, 41 on IV bisphosphonates and 10 on denosumab however treatments or interventions performed on those referred to metabolic bone clinic are not recorded in the database. The extra work made for metabolic bone clinic is not collected by the FLS and therefore difficult to estimate. Falls interventions were required by 15 % (134 patients). In those in whom follow-up succeeded between 78-85 % were still taking medication, the commonest reason for not being on the recommended treatment was that the GP had not prescribed it. Telecare has been shown to cause a reduction by 15 % in A&E admissions however only 4 % of outpatients assessed both required and accepted the recommendation for a personal alarm [18] . Though further service refinements are required and the quantity of work generated should be appreciated, the NOS guidance is achievable in a large tertiary centre. It is reported that approximately 70 % of those presenting with fractures have a bone density that is not osteoporotic [2] which matches the numbers seen in the inpatients with indeed even more of the outpatients having bone density >−2.5. In the experience of the West Glasgow FLS, only 46 % of the patients seen and having a DXA had osteoporosis indicating that even in a selected population not all will require bone treatments [4] . The DXA DNA rate calculated from the DXA department data (5 %) is less than that calculated from the database despite very similar numbers of referrals recorded by each. This may be accounted for by inaccuracies in the database. Prompt assessment occurred in the majority of patients except in those transferred from other hospitals, or with complex injuries not initially triggering referral.
Identification of high-risk groups is estimated to prevent 25 % of hip fractures [19, 20] , primary prevention would require 5-6 times more patients to be identified to have the same impact as secondary prevention [21, 22] and half of the patients presenting with a hip fracture have had a previous fragility fracture [23] . Effective application of a FLS model of various types is cost effective, improves care and decreases fractures [4-8, 15, 24, 25] . Every year the National Hip Fracture Database (NHFD), as part of the Falls and Fragility Fracture Audit Programme (FFFAP), has demonstrated improvements in care and outcomes demonstrating the effectiveness of clear guidelines and the audit process [10] . The [14, 16, 27] and SIGN [28] . These have been incorporated into the NOS standards, with the hope that this optimises benefit, the delivery of which and impact of it is unproven [2] . These data demonstrate successful delivery however the impact will need to be assessed by looking for a reduction in repeat falls, fractures and hospital attendances. There were several limitations in the audit firstly the database was examined on 23 September 2015 therefore patients seen at the end of the audit period were still awaiting results and scans therefore not all data were available for review. Data are entered manually therefore errors were present in the spreadsheet and data were incomplete. Improvements have been introduced to improve data collection, reduce ambiguity and an administrator has been hired to assist. Complexities and changing patient circumstances are also difficult to code. Co-morbidities may only affect part of the services offered further confusing outcomes, and, as more fields are added, the complexity of the database may compound input errors. Automatic data population and further refinement of data entry (standard operating procedures, binary coding etc.) would improve the quality of the database. The rule of fives that resulted in a 62 % detection rate is considered inaccurate as the team felt that very few patients are missed and the appropriateness of this estimate should be questioned. Regional varieties in population demographics and alternative hospital services available may compound errors. For example, in the West Midlands, there are multiple hospitals serving overlapping areas and UHB is the regional trauma centre, which may influence case mix. An independent record of every single fragility fracture, even if patient refuses review or it is deemed inappropriate, would be useful to obtain a more accurate estimate of total workload. Despite these limitations the large number of patients seen hopefully minimises the effect of data entry errors.
Subjectively, having introduced and audited the NOS standards, it was felt that they were appropriate and improved patient care. No aspect was felt to be a poor fit or produced processes that did not add value. It was apparent however, that large quantities of activity were not captured in the audit, particularly in regards to management of frail community-dwelling adults. This included many aspects of fall prevention, social service and safe-guarding referrals as well as real time interventions created by a holistic approach to patient care. The benefit of taking responsibility for this holistic approach to fracture prevention was clear to the team but much of the work is not immediately captured in the current audit standards. We would support the continued inclusion of falls prevention in the NOS standards as it promotes this model of care which, we hope, will result in real improvements to patient quality of life, fracture prevention and benefits to the wider local health and social care economy. There are early indications of benefit as Birmingham has recently seen a reduction in the rate of female hip fractures (Public Health Data).
Despite the methodological limitations, this preliminary evaluation of an FLS, recently implemented according to NOS FLS standards, demonstrates that the model is practical to apply to a large teaching hospital population [2] . The workload will be large however but a step wise introduction succeeded in producing a FLS providing a service meeting its specifications. Satisfaction with the FLS, both patient and professionals, is high and can provide gold standard care to the desired population. The long-term goals of the FLS include reduced rates of the following: people falling with serious injury (A&E attendance, hospital admission), fragility fractures and ambulance transfers to hospitals for falls. These data need to be reviewed in the future to determine whether the service affects these outcomes.
